The error for each protocol is normalized to the initial error calculated at the beginning of the optimization process for that protocol. The condition number is the ratio of the largest to the smallest time scale in the model. 
List of fitting protocols
Below are detailed descriptions of the fitting protocols used in the genetic algorithm. 3. Activation and fast inactivation time course: This protocol consists of holding at -66 mV, and then stepping up to the test voltage (ranging from -21 mV to 39 mV in 10 mV intervals) for 5 ms, and comparing the resulting trace to that generated using the experimentally-obtained time constants of activation and fast inactivation in the exponential form V (t) = (1 − e −t/τact )e −t/τ inact . The protocol and experimental data were obtained from [3] , Figures 3 and 4 . Note that referenced data were presented both at 12
• C and 23
• C, and the voltage-dependent activation and inactivation time constant curves at 23
• C were found to have the same shape as the 12
• C data if they were divided by constants -2.8 for activation and 2.4 for inactivation. To scale the data up to 34 • C, a temperature more appropriate for the other fitting data used here, the voltagedependent activation and inactivation curves were therefore divided by these constants again. The factor 2.8 is close to the expected temperature-dependent scaling [4] .
Entry into slow inactivation induced by a train of 20 Hz pulses: This protocol consists
of holding at -71 mV, followed by a series of 2 ms-wide 50 mV amplitude depolarizing pulses at 20 Hz for 1 second with interspike voltage equal to -71 mV. The peak open fraction is measured during each 2 ms depolarizing pulse. The protocol and experimental data were obtained from [5] , which show an exponential time course for entry into the slow inactivated state with τ =124 ms.
5. Recovery from slow inactivation induced by a train of 20 Hz pulses: After inducing entry into slow inactivation using the protocol described above, this protocol consists of holding at -71 mV for a variable interval (ranging from 100 ms to 4200 ms in 100 ms intervals) to allow for recovery, and then measuring the peak open fraction during a 2ms wide, 50 mV amplitude depolarizing test pulse. The protocol and experimental data were obtained from [5] , Figure 2 , which shows an exponential time course for recovery with τ =863 ms.
6. Two-phase recovery from inactivation induced by a single pulse: This protocol consists of holding at -71 mV, followed by a single 2 ms-wide 70 mV amplitude depolarizing pulse, then a variable recovery interval (comprising 2 ms, 3 ms, 4 ms, 5 ms, 10 ms, 20 ms, 100 ms, 200 ms, 500 ms, 1000 ms, 1500 ms, 2000 ms, or 2500 ms) at -71 mV, and finally measuring the peak open fraction during a 2 ms-wide 70 mV amplitude depolarizing test pulse. The protocol and experimental data were obtained from [5] , Figure 6B , which shows a bi-phasic recovery with a fast time constant of 2 ms and a slow time constant of 1200 ms.
7. Q matrix condition number: In order to avoid generating models with excessively stiff Q matrices, an additional protocol was added to minimize the condition number of the rate matrix Q over the physically relevant voltage range of operation (-100mV to 40mV). The condition number was defined as the logarithm of the ratio of the largest and smallest magnitude non-zero eigenvalues; these eigenvalues are related to the fastest and slowest time constants associated with the transitions in the model. This minimizes numerical difficulties associated with solving the differential equations for the time evolution of the states. Table S5 : Rate parameters for a 6-state model exhibiting slow inactivation, with piecewise linear-exponential functions. Rate constants are in the form r ij = exp (a + bV ), where r ij is the rate from state j to state i. There are two values for each constant b, one for V > 0 and one for V < 0. 
Compartmental models
In the multi-compartmental simulations carried out using NEURON [6] , two types of sodium conductance were used: the optimal channel model exhibiting prolonged inactivation, and the model with only fast recovery from inactivation obtained by eliminating the prolonged inactivation state and re-optimizing the rate parameters. The total sodium conductance in the apical and basal dendrites was 0.05 S/cm 2 and 0.03 S/cm 2 , respectively, and the amount of slowly inactivating sodium as a proportion of total sodium conductance varied from 0% at the soma to 100% in distal dendrites, reflecting the experimentally observed gradient of sodium channels exhibiting prolonged inactivation [5] . The other conductances were chosen to replicate those from a previous simulation [7] , and included a non-uniform leak conductance, a delayed rectifier K + conductance [8] , an A-type K + conductance with proximal and distal versions [9, 10] , and an I h conductance [11] . Additional details associated with the compartmental models are provided in Table S6 . Figure S4 : Simulations examining the role of prolonged sodium channel inactivation in the inhibition of dendritic spike generation by prior local depolarization [12, 13] . Membrane parameters are given in Table S6 . For the branch examined, dendritic spikes were elicited by coincident, localized activation of 5 synapses with a total peak conductance of 2.3 nS and kinetics of the form i = g max (e −t/2 − e −t/0.2 )(V − 0). A backpropagating action potential (bAPs) was generated by a 30 ms, 0.15 nA somatic current injection. A. Shape plot showing the location of the recording electrode. B. Local dendritic spike attenuation: synaptic activation generating a dendritic spike prevents a second synaptic activation from producing a dendritic spike in the same branch 30 ms later (top trace). After a delay of 1000 ms, however, a second dendritic spike can be generated (second trace). This phenomenon is not observed in the absence of sodium channels exhibiting prolonged inactivation (bottom two traces). C. Global dendritic spike attenuation: The arrival of a bAP approximately 30 ms before a dendritic spike-generating synaptic stimulus inhibits the spike (top trace). When the delay between the bAP and the stimulus is 1000 ms, the dendritic spike is generated robustly (second trace). This phenomenon is not observed in the absence of sodium channels exhibiting prolonged inactivation (bottom two traces).
